Post-mortem examination of two infants who had received calcium chloride by gavage while under treatment on the private service of the New Haven Hospital revealed extensive damage to the mucosa of the stomach and upper intestinal tract. Tihese findings stimulated investigation to determine whether similar lesions could be produced experimentally. Although it is frequently stated in the literature that oral administration of calcium chloride is irritating and may cause vomiting,6' 8 no description olf the lesions produced has been encountered. Numerous clinical experiences similar to those cited in the third case described here confirm the impression that the doses of calcium chloride usually administered in tetany neonatorum are excessive and perhaps that calcium chloride is always a dangerous drug during the early months of life. 
fluid in the abdominal cavity, but no changes of the abdominal viscera were noted. Examination of the fluid revealed no cells or organisms by smear and culture. The' postoperative course was characterized by disruption of the ,wound, peritonitis, and the development of a fecal fistula. Terminally the child vomited repeatedly and died on the thirty-sixth day of life. The clinical diagnosis was "Intestinal obstruction, cause unknown."
Autopsy findings:
The body was emaciated and skin turgor was diminished. An organizing suppurative peritonitis with metastatic abscesses in the lungs, subcutaneous tissues, and viscera was found. The serosa of the stomach was dull and covered by fibrinous adhesions. The mucosa was replaced by opaque, yellow, calcareous plaques, which were brittle and firmly attached to the submucosa. Plaques of similar consistency were seen in the small intestine, particularly in the duodenum and upper jejunum. Microscopic examination revealed ulceration and necrosis of the mucosa and submucosa of stomach and small intestines. The stomach wall was composed of plaques of hyaline scar tissue, here and there infiltrated by small round cells. Many of these scars contained granular material which stained black in the von Kossa preparation indicating the presence of calcium. Organizing and calcified thrombi occluded the arterial vessels of the submucosa (Fig. 1) , and there were similar lesions in the small intestine. Focal necrosis and calcification were present in the media of many 'arge arteries (Fig. 2) A full-term infant was born spontaneously September 5, 1941 , in good condition. During the pregnancy the mother drank only one pint of milk a day, and developed extensive dental caries. The baby, breast fed for two days, was then placed on formula. When seven days old, a clonic convulsion which lasted six minutes occurred. A similar convulsion followed soon thereafter. Physical examination was essentially negative; Chvostek and TIrousseau signs could not be elicited. The serum calcium was 6.2 mg.%o. On the eighth day, through a misunderstanding of the ruling that medication should not be added to infants' milk mi*tures, the infant was given two grams of calcium chloride in water before the 10 A.M. and 2 P.M. feedings. Both feedings were promptly vomited, and the vomitus was blood streaked. She took and retained one-half of the 6 P.M. feeding, which contained 2 grams of calcium chloride. Saline clysis, transfusion, and hykinone were given because of the hematemesis. The baby did well on the regular formula without added calcium, and saline clyses for the next two days. No convulsions occurred. On the eleventh day of life, 0.5 cc. of 50 per cent calcium chloride were added to each feeding, and continued for two days without incident. Discharge diagnosis was hypocalcemic tetany. The infant has gained weight since discharge and has shown no subsequent gastro-intestinal symptomatology.
The above histories suggest that calcium chloride produces gastro-intestinal lesions. In the first case, the long interval before death may make interpretation somewhat difficult but the other two cases leave little room for doubt. It should be emphasized that these three infants received some of the calcium chloride in aqueous solution at a time when the stomach was empty. Doses of the drug administered in milk mixtures were better tolerated. The following experimental work shows the effect of similar and smaller doses of calcium chloride in rabbits.
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Experimental
Methods: Forty-two rabbits, from two days to six weeks of age, were used. The animals were fasted for 48 hours before gavage and permitted to eat six hours after gavage. A soft rubber catheter (French No. 8) was employed and the animals were sacrificed 48 hours after treatment, except as noted in table 1. Anhydrous calcium chloride was administered in 5, 7.5, 10, 15, and 20 per cent aqueous solutions; calcium lactate in 5 and 10 per cent aqueous solutions; ammonium chloride in 5, 10, and 20 per cent aqueous solutions; and three rabbits were treated with combined solutions of ammonium chloride and calcium lactate as shown in table 1. Two rabbits were intubated and the catheter manipulated roughly to determine whether this procedure alone would cause trauma. Gross and microscopic study of the stomach and intestines was performed in all instances.
Results: The results of these experiments are outlined in table 1. Rough intubation caused no lesions. All animals, independent of weight and age, receiving 20 per cent solution of calcium chloride had severe gastric damage, which consisted of mucosal necrosis and uloeration (Fig. 5) , submucosal edema, cellular infiltration (Fig. 6) are administered the lesions are produced only in very young rabbits. Amounts of calcium lactate of equivalent calcium content produced no lesions, but the solubility of the calcium lactate is so low that concentrations equivalent only to 5 per cent CaCI2 could be tested.
The effect of calcium lactate on the serum calcium in infants
The following work was undertaken in order to determine whether calcium lactate is effective in raising the concentration of calcium in the serum.
Methods: Six infants were studied; five were newborn, the sixth was four months old. Ten cubic centimeters of venous blood were withdrawn from the normal neonatal infants during the hour preceding their regular 10 A.M. feeding. Immediately following this they were gavaged with 60 cc. of a 10 per cent calcium lactate solution. The regular morning feeding was allowed. Preceding the 2 P.M. feeding, the second blood sample was taken. Blood samples were taken at similar intervals from the four-month-old baby. Blood serum was analyzed for calcium by the Clark-Collip modification of the Kramer-Tisdal method.4 Serum phosphorus was determined by the FiskeSubbarow colorimetric method, using a photoelectric colorimeter.' Total proteins were determined by the method of Barbour and Hamilton.'
Results: Three of the babies had mild diarrhea during the fourhour period following gavage. No vomiting occurred. Significant rise in the serum calcium (see table 2) occurred in all six cases. Initial calcium levels ranged from 9.4 to 11.7 mg.%. Levels taken four hours after gavage ranged from 11.4 to 13.2 mg.%. The largest increase occurred in the four-month-old baby. The levels of phosphorus were found to drop as the calcium level rose. This drop varied from 0.3 to 2.5 mg. %, or from 6 to 33 per cent of the original level. The serum proteins showed very small increases in concentration, varying from 0 to 0.7 gm. %, or from 0 to 12 per cent of the original value. The last column of when -administered to a newborn infant. The production of ulcers of the stomach in newborn rabbits with a S per cent solution of calcium chloride indicates the danger of this salt to the mucosa of the stomach of unweaned animals. Calcium chloride added to milk undoubtedly is less irritating than are aqueous solutions. Nevertheless, our experience indicates that calcium chloride, in .any vehicle, is probably dangerous to newborn babies.
It is noteworthy that other calcium salts are ineffective when given by mouth in the treatment of tetany of infants. This lack of therapeutic result is not explained by the lower calcium content, which is roughly one-third and one-fourth, respectively, for the 142 EFFECTS OF CALCIUM SALTS BY GAVAGE 143 lactate and gluconate. The absence of a rise in serum calcium in cases of tetany is hard to reconcile with the easily demonstrated rise in serum calcium following oral administration of calcium lactate in normal newborn babies, adults,2"10 and experimental animals.8 In five recent trials, calcium gluconate (5 to 10 cc. of a 10 per cent solution) given intravenously has immediately relieved convulsions, but in two cases signs of tetany and low serum calcium have persisted for several days. The method of treatment of tetany of the newborn needs re-examination in order to find a method as effective as oral calcium chloride without its potential dangers.
Summary and conclusions Necrosis and ulceration of the stomach, and in one instance of the small intestine, occurred in two infants who died after receiving calcium chloride 'by gavage. Similar lesions were reproduced in rabbits with comparable and with smaller doses of calcium chloride. Equivalent and larger doses of calcium lactate produced no anatomical changes in rabbits. The latter salt administered to six newborn infants was teffeictive in raising the serum calcium.
Calcium chloride, as commonly recommended, is damaging to the stomach and intestines. Its administration by gavage to newborn infanits is contraindicated.
